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7KH FRQYHQWLRQDO SURFHVVHV IRU WKH SURGXFWLRQRI OLJKW DOOR\ZKHHOV DUH ORZSUHVVXUH GLHFDVWLQJ /3'& DQG
IRUJLQJ7KHIRUPHULVPRUHFRVWHIIHFWLYHLWDOORZVKLJKSURGXFWLYLW\DQGPRUHFRPSOH[JHRPHWULFVKDSHV>@2Q
WKHRWKHUKDQGPHFKDQLFDOSURSHUWLHVDUHQRWDVKLJKDVWKRVHRIIRUJHGSURGXFWVEHFDXVHFDVWSDUWVDUHPRUHVXEMHFW
WRGHIHFWVVXFKDVSRURVLWLHV>@7RHQKDQFHWKHSHUIRUPDQFHVRIFDVWZKHHOVDQLQFUHDVHRIWKHFRPSRQHQWVHFWLRQV
DQGFRQVHTXHQWO\RIWKHZKHHOZHLJKWLVQHHGHG7KHPRVWZLGHO\XVHGDOXPLQLXPDOOR\IRUWKHSURGXFWLRQRIZKHHOV
E\ORZSUHVVXUHGLHFDVWLQJLVWKH$DOOR\,WLVFKDUDFWHUL]HGE\DVLJQLILFDQW6LFRQWHQWZWWRHQVXUHWKH
SURSHUIOXLGLW\DQGE\0JSUHVHQFHZWWRHQKDQFHPHFKDQLFDOVWUHQJWKDIWHUKHDWWUHDWPHQW>@7KHIRUJLQJ
SURFHVVLVZHOONQRZQWRJXDUDQWHHEHWWHUSHUIRUPDQFHVRIWKHSURGXFWV%XWLWUHTXLUHVKLJKHULQYHVWPHQWDQGDFKLHYHV
ORZHUSURGXFWLRQUDWHDQGOHVVIUHHGRPUHJDUGLQJJHRPHWU\DQGDHVWKHWLFDOGHVLJQRIWKHZKHHOZKLFKLVDQLPSRUWDQW
LVVXHIRUWKHPDUNHW)RUJHGZKHHOVDUHXVHGZKHUHKLJKHUPHFKDQLFDOSURSHUWLHVDUHUHTXLUHG/DWHO\PDQ\DWWHPSWV
WR GHYHORS LQQRYDWLYH WHFKQLTXHV DEOH WR VROYH WKH W\SLFDO SUREOHPV RI WKH FRQYHQWLRQDOPHWKRGV DUH UHSRUWHG LQ
OLWHUDWXUHOLNHUKHRFDVWLQJWKL[RFDVWLQJRUVTXHH]HFDVWLQJLQRUGHUWRLQFUHDVHWKHSURGXFWLRQUDWHHQVXULQJDWWKH
VDPHWLPHVLJQLILFDQWUHGXFWLRQRISRURVLW\LQFDVWLQJV>@
7KH+\EULG$OXPLQLXP)RUJLQJ+$)WHFKQRORJ\GHVFULEHGLQWKHSUHVHQWSDSHUDLPVDVZHOODWRYHUFRPLQJWKH
OLPLWDWLRQVRIWKHSURFHVVHVRXWOLQHGDERYHDQGWRH[SORLWWKHLUDGYDQWDJHV%DVLFDOO\LWFRQVLVWVLQDK\EULGL]DWLRQRI
WKHWZRFRQYHQWLRQDOSURFHVVHV7KHPRXOGLVILOOHGE\ORZSUHVVXUHGLHFDVWLQJZKLFKHQVXUHVKLJKSURGXFWLRQUDWH
DQGWKHSRVVLELOLW\RIREWDLQLQJFRPSOH[JHRPHWULHV6XEVHTXHQWO\WKHDSSOLFDWLRQRIDIRUJLQJSUHVVXUHRQWKHOLTXLG
PHWDOGXULQJVROLGLILFDWLRQLVSHUIRUPHGLQRUGHUWRHOLPLQDWHVKULQNDJHSRURVLW\DQGWRREWDLQDILQHPLFURVWUXFWXUH
DV D FRQVHTXHQFH RI WKH UHGXFHG VROLGLILFDWLRQ WLPH ,W IROORZV WKDW KLJKHU PHFKDQLFDO SURSHUWLHV WKDQ WKRVH RI
WUDGLWLRQDOO\FDVWSDUWVFDQEHUHDFKHG,QRUGHUWRDFKLHYHJRRGVRXQGQHVVKLJKPHFKDQLFDOSHUIRUPDQFHVDQGJRRG
FRUURVLRQUHVLVWDQFHRIWKHZKHHOVLWLVIXQGDPHQWDOWRXVHWKHPRVWDGHTXDWHPDWHULDOIRUWKHSURFHVV$QHZ$O6L
DOOR\ FRQWDLQLQJ0J DQG &U DV VWUHQJWKHQLQJ HOHPHQWV KDV EHHQ XQGHU LQYHVWLJDWLRQ IRU +$) DSSOLFDWLRQV DV LW
UHSUHVHQWVDJRRGFRPELQDWLRQRIIRUJLQJDQGFDVWLQJSURSHUWLHV7KHHIIHFWRI0JFRQWHQWRQWKHPLFURVWUXFWXUHDQG
PHFKDQLFDOSURSHUWLHVEHIRUHDQGDIWHUKHDWWUHDWPHQWVLVZLGHO\NQRZQDQGGHHSO\VWXGLHGE\VFLHQWLVWV>@OHVV
XQGHUVWRRGLVWKHUROHRI&USUHVHQFH5HVHDUFKHUVKDYHVWXGLHGWKHHIIHFWRI&UDGGLWLRQLQDOXPLQLXPDOOR\VERWK
FDVW>@DQGZURXJKWDOOR\VRIWHQFRPELQHGZLWKRWKHUHOHPHQWVVXFKDV&R>@6U>@0Q>@RUZLWKWKH
SUHVHQFHRIFRQYHQWLRQDODOOR\LQJHOHPHQWVDV&X>@)H>@DQG0J>@$FFRUGLQJWRWKHVHILQGLQJVWKHDGGLWLRQ
RI&ULVDEOHWRFKDQJHWKHPRUSKRORJ\RI)HLQWHUPHWDOOLFFRPSRXQGVIURPWKHSODWHOLNHȕSKDVHWRDOHVVKDUPIXO
PRUSKRORJ\ ĮSKDVH LQGHQGULWLF RU&KLQHVH VFULSWPRUSKRORJ\7KLVJUHDWO\ FRQWULEXWHV WR WKH LPSURYHPHQWRI
PHFKDQLFDOSURSHUWLHVHYHQXSWR&>@DQGHLWKHUEHIRUHDQGDIWHUKHDWWUHDWPHQWDWYDULRXVH[WHQWVDFFRUGLQJ
WKHW\SHRIWUHDWPHQWDQGWKHFKHPLFDOFRPSRVLWLRQRIWKHDOOR\2QWKHRWKHUKDQGDVOXGJHSKDVHZDVVRPHWLPHV
UHSRUWHGWRIRUPDIWHUWKHDGGLWLRQRI&U)XUWKHUPRUHRWKHUVWXGLHV>@SRLQWHGRXWWKDWLQ$O0J6LDOOR\VVHULHV
ZLWKVPDOODGGLWLRQVRIHOHPHQWVOLNH0QDQG&UGLIIHUHQWW\SHVRISUHFLSLWDWHVFRQWDLQLQJWKHVHHOHPHQWVFDQ
IRUP7KH\FDQSOD\DQLPSRUWDQWUROHDVQXFOHDWLRQVLWHIRUWKHKHWHURJHQHRXVSUHFLSLWDWLRQRIRWKHUVWUHQJWKHQLQJ
SDUWLFOHV//RGJDDUGHWDO>@SURSRVHGDPRGHORISUHFLSLWDWLRQIRU$O0J6LDOOR\VFRQWDLQLQJ0QDQGRU&U
ZKHUH0QDQG&UFRQWDLQLQJSDUWLFOHVDFWDVGLVSHUVRLGV7KHVHDUHYHU\ILQHSDUWLFOHVZKLFKFDQUHDFKKLJKGHQVLW\
DQGKLJKWKHUPDOVWDELOLW\(YHQWKRXJKHYLGHQFHVRIDSRWHQWLDOSRVLWLYHVWUHQJWKHQLQJHIIHFWRI&UDGGLWLRQWR$O6L
0JDOOR\FDQEHIRXQGLQOLWHUDWXUHOLPLWHGUHDOVFDOHDSSOLFDWLRQVRIVXFKDOOR\VDUHNQRZQDQGIHZH[SHULPHQWDO
DSSOLFDWLRQVDUHGHVFULEHGLQVFLHQWLILFSXEOLFDWLRQV
7KHDLPRIWKLVUHVHDUFKLVWKHFKDUDFWHULVDWLRQRIDQHZ$O6L0JDOOR\FRQWDLQLQJ&UIRULWVDSSOLFDWLRQLQWKH+$)
SURFHVVIRUWKHSURGXFWLRQRIYHKLFOHZKHHOV&DORULPHWULFDQDO\VLVDQGUKHRORJLFDOPHDVXUHPHQWVZHUHSHUIRUPHGLQ
RUGHUWRLQYHVWLJDWHWKHVXLWDELOLW\RIWKHPDWHULDOIRUWKHLQQRYDWLYH+$)WHFKQRORJ\6XEVHTXHQWO\PHFKDQLFDOWHVWV
ZHUHFDUULHGRXWRQVDPSOHVPDFKLQHGIURPFDVWZKHHOVLQRUGHUWRVWXG\WKHSURGXFWSHUIRUPDQFHV3DUWLFXODUDWWHQWLRQ
ZDVSDLGWRWKHHIIHFWRI&URQWKHPLFURVWUXFWXUHDQGRQPHFKDQLFDOSURSHUWLHV
([SHULPHQWDOSURFHGXUHV
7KHDOOR\$O6L&UZDVVXSSOLHGDVFRPPHUFLDOLQJRWV7KH0JFRQWHQWZDVFRUUHFWHGE\SXUHPDJQHVLXPDGGLWLRQ
LQWKHPHOWLQJIXUQDFH7KHFRQFHQWUDWLRQRIWKHPDLQDOOR\LQJHOHPHQWVLVVKRZQLQ7DEOH
:KHHOVZHUHFDVWE\+$)WHFKQRORJ\LQDQLQGXVWULDOSODQWLQ,WDO\ZKHUHDSLORWSODQWZDVUHDOL]HG7UXFNZKHHOV
ZLWKWKHIROORZLQJGLPHQVLRQV[LQFKHVDQGRIIVHWPPZHUHFKDUDFWHUL]HGLQ WKLVVWXG\$VDERYH
PHQWLRQHGGXULQJWKH+$)SURFHVVWKHPRXOGILOOLQJLVVLPLODUWRORZSUHVVXUHGLHFDVWLQJILUVWWKHPRXOGLVFORVHG
DQGWKHQWKHPROWHQPDWHULDOLVIHGIURPWKHERWWRPWKURXJKDSURSHUSLSLQJV\VWHP7KHIHHGLQJULVHUWXEHLVWKHQ
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FORVHGDQGVXEVHTXHQWO\WKHXSSHUSDUWRIWKHPRXOGLVXVHGWRDSSO\WKHIRUJLQJSUHVVXUHWRWKHFDVWPDWHULDOGXHWR
LWVVSHFLDOGHVLJQ7KLVODVWRSHUDWLRQLVIXQGDPHQWDODQGGHOLFDWHDVWKHIRUJLQJDFWLRQUHDFKHVWKHPD[LPXPHIIHFWLI
DSSOLHGLQWKHFRUUHFWUDQJHRIWHPSHUDWXUHVFRUUHVSRQGLQJWRDFHUWDLQUDQJHRIVROLGIUDFWLRQ7KLVODVWRSHUDWLRQLV
IXQGDPHQWDO DQG GHOLFDWH DV WKH IRUJLQJ DFWLRQ UHDFKHV WKH PD[LPXP HIIHFW LI DSSOLHG LQ WKH FRUUHFW UDQJH RI
WHPSHUDWXUHVFRUUHVSRQGLQJWRDFHUWDLQUDQJHRIVROLGIUDFWLRQ3DUWLFXODUO\WKHIRUJLQJSUHVVXUHLVDSSOLHGEHIRUHWKH
FDVWPDWHULDOUHDFKHVRIVROLGIUDFWLRQ

  7DEOH0LQLPXPDQGPD[LPXPFRQWHQWRIPDLQDOOR\LQJHOHPHQWVIRU$O6L&UDOOR\

$OOR\LQJHOHPHQWV 6L 0J &U )H $O
0LQFRQWHQWZW     %DODQFH
0D[FRQWHQWZW     %DODQFH

7KHPHOWLQJSURFHVVRIWKHDOOR\ZDVH[SHULPHQWDOO\VWXGLHGE\GLIIHUHQWLDOVFDQQLQJFDORULPHWU\'6&SHUIRUPHG
ZLWKD7$,QVWUXPHQW4DSSDUDWXVHTXLSSHGZLWK8QLYHUVDO$QDO\VLVVRIWZDUH7KHVDPSOHVWDNHQIURPWKH
ZKHHOZHUHSODFHGLQDQDOXPLQDSDQDQGKHDWHGXSWR&LQDSXULILHGDUJRQDWPRVSKHUHZLWKDVFDQQLQJUDWHRI
&PLQ7KH ORZKHDWLQJ UDWH LVQHFHVVDU\ LQRUGHU WR DOORZ WKH WUDQVIRUPDWLRQ WREHDV FORVH DVSRVVLEOH WR WKH
HTXLOLEULXPSKDVHGLDJUDP7KHDQDO\VLVZDVUHSHDWHGXVLQJVDPSOHVRIDERXWPJ$YHUDJHOLTXLGXVDQGVROLGXV
WHPSHUDWXUHVZHUHFDOFXODWHGIURPWKH'6&VFDQV7KHOLTXLGIUDFWLRQYHUVXVWHPSHUDWXUHFXUYHZDVWKHQREWDLQHGDV
WKHLQWHJUDORIWKH'6&FXUYHLQWKHVROLGLILFDWLRQUDQJHLQRUGHUWRLGHQWLI\WKHSURSHUWHPSHUDWXUHIRUUKHRORJLFDO
PHDVXUHPHQWV LQ VHPLVROLG FRQGLWLRQV $GGLWLRQDOO\ WKH VXLWDELOLW\ RI WKH PDWHULDO IRU +$) SURFHVV VKRXOG EH
HYDOXDWHGSDUWLFXODUO\WRLQGLYLGXDWHWKHWHPSHUDWXUHUDQJHIRUWKHDSSOLFDWLRQRIIRUJLQJSUHVVXUH
6SHFLPHQV IRU PHFKDQLFDO FKDUDFWHUL]DWLRQ DQG PHWDOOXUJLFDO DQDO\VLV ZHUH FXW IURP WKH SURGXFHG ZKHHOV LQ
GLIIHUHQWUHOHYDQWSRVLWLRQVERWKEHIRUHDQGDIWHUKHDWWUHDWPHQW,QSDUWLFXODUVDPSOHVZHUHWDNHQIURPWKHKXEWKH
VSRNH DQG WKUHH GLIIHUHQW SRVLWLRQV DORQJ WKH ULP 7KH PLFURVWUXFWXUHV ZHUH REVHUYHG E\ PHDQV RI DQ RSWLFDO
PLFURVFRSH 5HLFKHUW-XQJ 0H) HTXLSSHG ZLWK 4:LQ LPDJH DQDO\VHU RQ PLUURU SROLVKHG VDPSOHV &KHPLFDO
FRPSRVLWLRQ DQDO\VHVZHUH FDUULHGRXW E\PHDQV RI DQ2[IRUG(QHUJ\'LVSHUVLYH6SHFWURVFRS\ ('6SUREH IRU
HOHPHQWDODQDO\VLVFRXSOHGWRD6FDQQLQJ(OHFWURQ0LFURVFRSH6(0/(2(92WRLGHQWLI\WKHPDLQSKDVHVDQG
LQWHUPHWDOOLF FRPSRXQGV SUHVHQW LQ WKH VDPSOHV $QDO\VHV ZHUH SHUIRUPHG ERWK LQ VHFRQGDU\ HOHFWURQV DQG
EDFNVFDWWHULQJ ZD\ IRU GHHSHU LQYHVWLJDWLRQ RI WKH PLFURVWUXFWXUH 9LFNHUV PLFURKDUGQHVV PHDVXUHPHQWV ZHUH
SHUIRUPHGRQVHOHFWHGVDPSOHVXVLQJD6KLPDG]XLQGHQWHUZLWKDQDSSOLHGORDGRI1DQGDORDGLQJSHULRGRIV
7KHUHVXOWVZHUHWKHPHDQYDOXHVRIDWOHDVWPHDVXUHPHQWVSHUVDPSOHWRJXDUDQWHHDJRRGVWDWLVWLF0RUHRYHU
%ULQHOOKDUGQHVVWHVWVZHUHFDUULHGRXWRQWKHFDVWZKHHOVXVLQJD:ROSHUWWHVWLQJPDFKLQHZLWKDORDGRINJIRU
VVSKHUHGLDPHWHUPP7HQVLOHPHDVXUHPHQWVZHUHSHUIRUPHGZLWKD*DOGDELQL681WHVWLQJPDFKLQHRQ
VSHFLPHQVZLWKGLDPHWHURIPPDQGJDXJHOHQJWKRIPP
)LQDOO\WKHUKHRORJLFDOFKDUDFWHUL]DWLRQRIWKHDOXPLQLXPDOOR\ZDVUHDOL]HGZLWKDQ$QWRQ3DDU0&56HDUOH
UKHRPHWHUZLWKDWHPSHUDWXUHXQLW&7'IRUWHPSHUDWXUHVXSWR&$UJRQZDVSXUJHGLQVLGHWKHRYHQWR
SUHYHQWWKHR[LGDWLRQRIWKHVDPSOHVXUIDFHDQGDOVRDVFRQYHFWLYHKHDWFDUULHU$PHDVXULQJV\VWHPZLWKEREUDGLXV
RIPPDQGFXSUDGLXVRIPPZDVXVHG%RWKEREDQGFXSZHUHPDGHRIJUDSKLWHWRDYRLGFKHPLFDOLQWHUDFWLRQV
EHWZHHQ WKHPDWHULDO XQGHU LQYHVWLJDWLRQ DQG WKHPHDVXULQJ V\VWHP 7KH URWDWLQJ EREZDV JURRYHG WR DYRLG WKH
DSSHDUDQFHRIZDOOVOLSZKLFKZRXOGOHDGWRIDOVHYLVFRVLW\HYDOXDWLRQV%HIRUHWKHWHVWWKHPDWHULDOZDVPHOWHGDQG
VXEVHTXHQWO\FRROHGGRZQZLWKDFRROLQJUDWHRI&PLQZKLOHVLPXOWDQHRXVO\VKHDUHGDWVLQRUGHUWRJXDUDQWHH
WKHVHPLVROLGFRQGLWLRQ$IWHUWKHWHPSHUDWXUHFRUUHVSRQGLQJWRWKHGHVLUHGVROLGIUDFWLRQZDVUHDFKHGDQLVRWKHUPDO
VKHDULQJSHULRGRIKRXUZDVDSSOLHG7KHFRUUHODWLRQEHWZHHQWHPSHUDWXUHDQGVROLGIUDFWLRQZDVREWDLQHGE\'6&
PHDVXUHPHQWV$VROLG IUDFWLRQRIZDVFKRVHQVLQFH LW LVFRQVLGHUHG WREH UHSUHVHQWDWLYHRI+$)SURFHVV ,W
FRUUHVSRQGVWRDFRQGLWLRQEHWZHHQWKHOLTXLGVWDWHDQGWKHPD[LPXPVROLGIUDFWLRQIRUWKHDSSOLFDWLRQRIDIRUJLQJ
SUHVVXUHVROLGIUDFWLRQ7KLVPDWHULDOSUHSDUDWLRQZDVIROORZHGE\VKHDUUDWHMXPSH[SHULPHQWVWRLQYHVWLJDWH
WKHIORZSURSHUWLHV7KHVDPHPHDVXUHPHQWVDQGWHVWVDVGHVFULEHGDERYHKDYHEHHQFDUULHGRXWDOVRIRU$O6LDOOR\
$WKHPRVWZLGHO\XVHGDOOR\LQIRXQGU\SURFHVVHV7KLVDOORZHGHYDOXDWLQJWKHSHUIRUPDQFHRIWKHQHZDOOR\
LQFRPSDULVRQWRWKHFRQYHQWLRQDORQH6DPSOHVRI$O6LZHUHSURYLGHGIURPZKHHOVSURGXFHGE\ORZSUHVVXUHGLH
FDVWLQJSURFHVVE\WKHVDPHLQGXVWULDOSODQW

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5HVXOWVDQGGLVFXVVLRQV
'6&PHOWLQJFXUYHVZHUHXVHGWRLGHQWLI\VROLGXVDQGOLTXLGXVWHPSHUDWXUHVRIWKHVWXGLHGDOOR\LQFRPSDULVRQWR
WKHFRQYHQWLRQDO$O6L7KHWKHUPRJUDPIRUERWK$O6L&UDQG$O6LDOOR\V)LJDVKRZVWZRHQGRWKHUPLFSHDNV
ZKLFKDUHXVHGWRGHWHUPLQHUHVSHFWLYHO\WKHHXWHFWLFDQGWKHFRPSOHWHPHOWLQJRIWKHPDWHULDO


)LJD'6&FXUYHVDQGEVROLGIUDFWLRQFXUYHVIRU$O6LDQG$O6L&UDOOR\

$FFRUGLQJWROLWHUDWXUH>@WKHRQVHWWHPSHUDWXUHRIWKHILUVWSHDNUHSUHVHQWVWKHHXWHFWLFWHPSHUDWXUHZKLOHWKH
SHDNWHPSHUDWXUHRIWKHVHFRQGRQHLVFRQVLGHUHGWKHHQGRIWKHWUDQVIRUPDWLRQ,WZDVIRXQGWKDW$O6L&UDOOR\LV
FKDUDFWHUL]HGE\DOLTXLGXVWHPSHUDWXUHRI&DQGDVROLGXVWHPSHUDWXUHRI&,IFRPSDUHGWRWKHFRQYHQWLRQDO
$O6LDOOR\WKH&UFRQWDLQLQJDOOR\H[KLELWVDKLJKHUOLTXLGXVWHPSHUDWXUHDQGDOLPLWHGSUHVHQFHRIHXWHFWLFSKDVH,W
LV NQRZQ WKDW ORZHU VLOLFRQ FRQWHQW OHDGV WR DPLQRU SUHVHQFH RI HXWHFWLF SKDVH $GGLWLRQDOO\ WKH VROLGLILFDWLRQ
WHPSHUDWXUHUDQJHLVZLGHUIRUWKHDOOR\ZLWKWKHORZHUVLOLFRQFRQWHQW
)URPWKHLQWHJUDWLRQRIWKH'6&FXUYHLWLVSRVVLEOHWRSORWWKHYDULDWLRQRIVROLGIUDFWLRQGXULQJKHDWLQJRUFRROLQJ
SURFHVV>@)LJELQRUGHUWRGHILQHWKHSURSHUWHPSHUDWXUHUDQJHIRUWKHDSSOLFDWLRQRIWKHIRUJLQJSUHVVXUHIRU
WKH$O6L&UDOOR\DQGIRUUKHRORJLFDOPHDVXUHPHQWVIRUERWKWKHDOOR\V$VPHQWLRQHGDERYHIRU+$)SURFHVVWKH
UDQJHEHWZHHQDQGRIVROLGIUDFWLRQLVUHOHYDQWIRUWKHDSSOLFDWLRQRIWKHIRUJLQJSUHVVXUH7KHVROLGIUDFWLRQ
FXUYH IRU WKH VWXGLHG DOOR\ LV TXLWH VWHHS EHWZHHQ WKHVH VROLG IUDFWLRQ SHUFHQWDJHV DQG WKH WHPSHUDWXUH UDQJH LV
DSSUR[LPDWHO\&$ZLGHU VHPLVROLG UDQJHFRXOGHQVXUHPRUH IOH[LELOLW\ WR WKHSURFHVV7HQVLOHDQGKDUGQHVV
SURSHUWLHVDUHUHSRUWHGLQ7DEOH

 7DEOH7HQVLOHSURSHUWLHVDQG%ULQHOOKDUGQHVVDIWHUKHDWWUHDWPHQWIRUZKHHOVSURGXFHGZLWKGLIIHUHQWWHFKQRORJLHV
7HFKQRORJ\ 87603D <603D (O +%
&RQYHQWLRQDOIRUJHGZKHHOV7  ± ± 
+$)ZKHHOV7    

7KHWHQVLOHWHVWVSHUIRUPHGRQVDPSOHVIURPZKHHOVSURGXFHGE\+$)SURFHVVVKRZDVLJQLILFDQWLPSURYHPHQWRI
\LHOGDQGXOWLPDWHWHQVLOHVWUHQJWKDIWHUSURSHUKHDWWUHDWPHQW)LJDDQGE7KHYDOXHVVKRZQLQ)LJIRUWKHKHDW
WUHDWHG$O6L&UDOOR\DUHWKHDYHUDJHYDOXHVFDOFXODWHGRQDWOHDVWWKUHHVSHFLPHQV7KHVWDQGDUGGHYLDWLRQLVORZHU
WKDQ  IRU HDFK DQDO\]HG SRVLWLRQ ,W LV LPSRUWDQW WR QRWH WKH DFKLHYHPHQW RI XQLIRUP VWUHQJWK LQ WKH GLIIHUHQW
SRVLWLRQVRIWKHZKHHO3DUWLFXODUO\WKHIRUJLQJSKDVHLVEHOLHYHGWRLPSURYHWKHWHQVLOHSURSHUWLHVLQFRUUHVSRQGHQFH
RIWKHKXEZKLFKLVDFULWLFDODUHDIRUZKHHOVSURGXFHGE\/3'&7KHUHVXOWVIURPWHQVLOHWHVWRQVSHFLPHQVIURPKHDW
WUHDWHGZKHHOVSURGXFHGE\/3'&ZLWK$O6LDOOR\DUHUHSRUWHGLQ)LJDDQGEDVZHOOWKHKXELVFKDUDFWHUL]HGE\
DGHFUHDVHLQXOWLPDWH876DQG\LHOG<6VWUHQJWKRIDERXWLIFRPSDUHGWRWKHRWKHUSRVLWLRQV
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
)LJD876E<6FHORQJDWLRQIRU$O6LDQG$O6L&UDOOR\G9LFNHUVPLFURKDUGQHVVIRU$O6L&UDOOR\

7KHPRVW FULWLFDO SDUDPHWHU IRU$O6L&U DOOR\ LV WKH HORQJDWLRQZKLFK UHDFKHVYDOXHV DURXQGDIWHU KHDW
WUHDWPHQWDVUHSRUWHGLQ)LJF9DOXHVVKRZSRRUKRPRJHQHLW\LQWKHGLIIHUHQWSRVLWLRQVRIWKHZKHHOVDQGH[FHSW
IRUWKHKXEDUHORZHULIFRPSDUHGWRFRQYHQWLRQDOZKHHOV7KLVORZGXFWLOLW\IRU$O6L&UZKHHOVKDVWREHLPSURYHG
E\DQRSWLPL]DWLRQRIWKHFRROLQJFRQGLWLRQVRIWKHFDVWLQJDVZHOODVWKHKHDWWUHDWPHQWSDUDPHWHUV
9LFNHUVPLFURKDUGQHVVPHDVXUHPHQWV)LJGVKRZDJRRGKRPRJHQHLW\RIYDOXHVLQGLIIHUHQWSRVLWLRQDORQJWKH
ZKHHOVDQGDVLJQLILFDQWLQFUHDVHDIWHUKHDWWUHDWPHQW
$V VKRZQ LQ7DEOH  WKH UHVXOWV IRU XOWLPDWH WHQVLOH VWUHQJWK \LHOG VWUHQJWK DQG%ULQHOO KDUGQHVV IRUZKHHOV
SURGXFHGE\+$)SURFHVVDUHFORVHWRWKHW\SLFDOSHUIRUPDQFHVRIIRUJHGZKHHOVUHDOL]HGZLWKDOXPLQLXPFRPPHUFLDO
DOOR\
'DWDLQ7DEOHUHIHUWRZKHHOVSURGXFHGZLWKGLIIHUHQWWHFKQRORJLHVDQGZLWKVOLJKWO\GLIIHUHQWDHVWKHWLFDOVKDSH
EXWZLWKVLPLODUWKLFNQHVVHV
0LFURVWUXFWXUHLQYHVWLJDWLRQV)LJHYLGHQFHGDILQHGHQGULWLFPLFURVWUXFWXUHFKDUDFWHUL]HGE\SKDVHĮDQGWKH
SUHVHQFHRIVPDOODPRXQWRIHXWHFWLFSKDVHDORQJWKHERXQGDULHV$ILQHPLFURVWUXFWXUHLVFRPPRQIRUWKLQSDUWVDV
WKHULPVLQFHWKH\VROLGLI\TXLFNO\ZKLOHLWLVPRUHGLIILFXOWWREHIRXQGLQWKLFNHUVHFWLRQVDVKXEDQGVSRNHV7KH
SUHVHQFHRIDILQHPLFURVWUXFWXUHDOVRIRUWKHVSRNHLVGXHWRWKHHIILFLHQF\RIWKHIRUJLQJSKDVHRI+$)SURFHVV
,QWHUHVWLQJO\FRDUVHSDUWLFOHRIOLJKWJUD\FRORUZHUHIRXQGZLWKRSWLFDOPLFURVFRSHLQERWKDVFDVWDQGKHDWWUHDWHG
FRQGLWLRQVDQGLQGLIIHUHQWSDUWVRIWKHZKHHO)LJ('6DQDO\VLVZDVSHUIRUPHGLQRUGHUWREHWWHULQYHVWLJDWHWKLV
SKDVHDQGGHWHFWLWVFKHPLFDOFRPSRVLWLRQ,PDJHVIURP6(0DQDO\VLVDUHVKRZQLQ)LJDDQGEDVDQH[DPSOHWKH
VDPHPRUSKRORJ\DQGFKHPLFDOFRPSRVLWLRQZHUHIRXQGIRUWKHLQWHUPHWDOOLFSDUWLFOHVDQDO\]HGLQGLIIHUHQWSRVLWLRQV
LQWKHZKHHO
$VVKRZQLQ7DEOHWKLVLQWHUPHWDOOLFSKDVHKDVDVLJQLILFDQWFRQWHQWRI&UDQG)HEHVLGH6LDQG$OZKLFKDUH
DOVRSUHVHQWLQWKHVXUURXQGLQJPDWUL[)HFRQWDLQLQJLQWHUPHWDOOLFSKDVHXVXDOO\VKRZVDQHHGOHOLNHPRUSKRORJ\DV
GHWHFWHGLQZKHHOVSURGXFHGZLWKFRQYHQWLRQDOWHFKQRORJ\DQG$O6LDOOR\)LJF
7KLVPRUSKRORJ\LVFRQVLGHUHGGHWULPHQWDOIRUPHFKDQLFDOSURSHUWLHVDQGXVXDOO\DEULWWOHIUDFWXUHPHFKDQLVPLV
REVHUYHGGXHWRWKHSUHVHQFHRIWKHVHLQWHUPHWDOOLFV>@2QWKHFRQWUDU\LQVDPSOHVIURP$O6L&UDOOR\WKH
)HFRQWDLQLQJSDUWLFOHVZHUHFKDUDFWHUL]HGE\D&KLQHVHVFULSWPRUSKRORJ\)LJDDQGEZKLFKLVEHOLHYHGWREH
OHVVKDUPIXOIRUWKHPHFKDQLFDOSHUIRUPDQFHVWKDQWKHQHHGOHOLNHRQH$GXFWLOHIUDFWXUHPHFKDQLVPRIWKHPDWUL[LV
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REVHUYHGIURP6(0DQDO\VLVRIWKHVXUIDFHRIVDPSOHVIURPWHQVLOHWHVWV)LJ,QWHUPHWDOOLFSDUWLFOHVFRQWDLQLQJ)H
DQG&UZHUHGHWHFWHGRQWKHIUDFWXUHVXUIDFHDVVKRZQLQ)LJEDQGF('6DQDO\VLVLQ7DEOH7KHLUGHWDFKPHQW
IURPWKHPHWDOOLFPDWUL[FDQDIIHFWWKHHORQJDWLRQ






)LJ$VFDVWPLFURVWUXFWXUHIURPDULPEVSRNHIRU$O6L&UDOOR\


)LJ,QWHUPHWDOOLFSDUWLFOHVIURPDVSRNHDVFDVWEDUHDEHWZHHQULPDQGVSRNHKHDWWUHDWHGIRU$O6L&UDOOR\


)LJ6(0LPDJHVRILQWHUPHWDOOLFSDUWLFOHVIURPDVSRNHDQGEULPIRU$O6L&UDOOR\FULPIRU$O6L/3'&

  7DEOH('6PHDVXUHPHQWVIRULQWHUPHWDOOLFSDUWLFOHVZW
 $O 6L &U )H 0Q
D6SRNH     
E5LP     
F5LP     

7KHLQYHVWLJDWLRQRIWKHSUHFLSLWDWLRQVHTXHQFHDQGWKHRSWLPL]DWLRQRIWKHKHDWWUHDWPHQWDUHFXUUHQWO\XQGHUVWXG\
DVZHOODVWKHSUHVHQFHRI&UFRQWDLQLQJGLVSHUVRLGVQRWGHWHFWDEOHE\6(0DQDO\VLV
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)LQDOO\UKHRORJLFDOPHDVXUHPHQWV)LJVKRZWKDWWKLVDOOR\LVFKDUDFWHUL]HGE\DVKHDUWKLQQLQJEHKDYLRXULQ
VHPLVROLGFRQGLWLRQVDVUHSRUWHGLQVHYHUDOVWXGLHVDERXWGLIIHUHQWDOXPLQLXPDOOR\V>@(YHQWKRXJKWKHVROLG
IUDFWLRQFXUYHRIWKHDOOR\LVWRRVWHHSWRDSSO\WKLVDOOR\IRUDSURSHUWKL[RIRUPLQJSURFHVVWKHGHFUHDVHRIYLVFRVLW\
LQFUHDVLQJWKHVKHDUUDWHFDQEHKHOSIXOLQRUGHUWRHQKDQFHWKHHIIHFWRIWKHIRUJLQJSUHVVXUH7KHYLVFRVLW\IROORZV
WKH H[SRQHQWLDO2VWZDOG GH:DHOH DSSURDFK)URP WKH FRPSDULVRQZLWK WKH FRQYHQWLRQDO DOOR\ DW WKH VDPH VROLG
IUDFWLRQLWLVHYLGHQWWKDWWKHYLVFRVLW\RI$O6L&ULVORZHUWKDQIRU$O6L7KLVLVVXUSULVLQJDV6LFRQWHQWLVNQRZQWR
LQFUHDVHIOXLGLW\7KLVFRXOGEHGXHWRWKHSUHVHQFHRIGLIIHUHQWDOOR\LQJHOHPHQWVDV&UZKLFKFDQFDXVHDGHFUHDVH
LQYLVFRVLW\DVUHSRUWHGLQOLWHUDWXUHZLWKGLIIHUHQWDOOR\LQJHOHPHQWV>@)XUWKHULQYHVWLJDWLRQVDUHQHHGHGWREHWWHU
LQYHVWLJDWHWKLVSKHQRPHQRQ


)LJ6(0LPDJHVRILQWHUPHWDOOLFSDUWLFOHVRQIUDFWXUHVXUIDFH

  7DEOH('6PHDVXUHPHQWVIRULQWHUPHWDOOLFSDUWLFOHVZWRQIUDFWXUHVXUIDFH
 $O 6L &U )H
D    
E    


)LJ9LVFRVLW\FXUYHVIRU$O6L&UDQG$O6LDOOR\IRURIVROLGIUDFWLRQ
&RQFOXVLRQV
+$)WHFKQRORJ\LVDSURPLVLQJWHFKQLTXHIRUDOXPLQLXPZKHHOVSURGXFWLRQDVKLJKHULQWHJULW\FDQEHDFKLHYHG
WRJHWKHUZLWKDILQHPLFURVWUXFWXUH7KHZKHHOVUHDOL]HGZLWKWKHQHZ$O6L&UDOOR\VKRZVLJQLILFDQWVWUHQJWKERWK
\LHOG DQGXOWLPDWH WHQVLOH VWUHQJWK FRPSDUDEOH WR WKDW RI IRUJHGZKHHOV'XFWLOLW\ UHVXOWV WREH WKHPRVW FULWLFDO
SDUDPHWHUDVDIWHUKHDWWUHDWPHQWWKHPDWHULDOH[KLELWVORZHUHORQJDWLRQWKDQFRQYHQWLRQDOZKHHOV7KLVKDVWREH
LPSURYHGE\DQRSWLPL]DWLRQRIWKHFRROLQJFRQGLWLRQVRIWKHFDVWLQJDVZHOODVRIWKHKHDWWUHDWPHQWSDUDPHWHUV&U
DGGLWLRQ LVUHVSRQVLEOHIRU WKHPRGLILFDWLRQRI WKHPRUSKRORJ\RI)HFRQWDLQLQJ LQWHUPHWDOOLFV IURPQHHGOHOLNH WR
&KLQHVHVFULSWPRUSKRORJ\,QWKLVZD\LQWHUPHWDOOLFSDUWLFOHVEHFRPHOHVVGHWULPHQWDOIRUWHQVLOHVWUHQJWK
310   M. Tocci et al. /  Procedia Engineering  109 ( 2015 )  303 – 311 
7KHUKHRORJLFDOFKDUDFWHUL]DWLRQRIWKHPDWHULDOLQVHPLVROLGFRQGLWLRQVKRZVDVKHDUWKLQQLQJEHKDYLRXUZKLFKLV
FRQVLGHUHGSDUWLFXODUO\VXLWDEOH IRU WKHDSSOLFDWLRQRI WKH+$)SURFHVV7KHUHVXOWVDUH LQDJUHHPHQWZLWKVHYHUDO
UHFHQWVWXGLHVDERXWWKHUKHRORJLFDOEHKDYLRXURIDOXPLQLXPDOOR\VLQVHPLVROLGFRQGLWLRQ
3URSHUXQGHUVWDQGLQJRIWKHSUHFLSLWDWLRQVHTXHQFHWKURXJKFDORULPHWULFDQG7(0DQDO\VLVLVFXUUHQWO\WRSLFRI
UHVHDUFKDVDQH[WVWHSIRUWKHFRPSOHWHFKDUDFWHUL]DWLRQRIWKHPDWHULDO

$FNQRZOHGJPHQWV
7KLVZRUNKDVEHHQVXSSRUWHGE\WKH&DULSOR5HJLRQH/RPEDUGLDIXQGLQJ>JUDQWQXPEHU(-@7KH
DXWKRUVZRXOGOLNHWRWKDQN0D[LRQ:KHHOVDQG06F6+DUERHIRUWKHKHOSIXOVXSSRUW
5HIHUHQFHV
>@ 3=DSS*5RPEDFK:.XFNVKLQULFKV7KH IXWXUH RI DXWRPRWLYH DOXPLQLXP/LJKW0HWDOV3URF706$QQXDO0HHWLQJ:DUUHQGDOH
3HQQV\OYDQLDí
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